Digitalis purpurea and Digitalis lanata are commonly used in treatment of heart diseases, the species has recently introduced for cultivation in the state of Uttarakhand, India. The mineral contents of cultivated plants of these species have to be within permissible limit for its effectiveness. Using inductively coupled plasma mass spectrometry (ICP-MS), this paper describes analysis of selected minerals -1 , respectively. The study reports that the mineral contents were well within the permissible range for medicinal uses. Therefore, the species are recommended for large scale cultivation.
Introduction
Minerals present in medicinal plants are of great importance to understand their pharmacological actions (Serfor-Armah et al., 2002) . Mineral elements play an important roles in chemical, biological, biochemical, metabolic, catabolic and enzymatic reactions in the living organism which will lead to the formation of active organic constituents (Serfor-Armah et al., 2001) . Their deficiency causes diseases, whereas the excess presence may cause toxicity (Hashmi et al., 2007) . Mineral contents of several medicinal plants have been determined by applying several techniques such as atomic absorption spectroscopy (Negi et al., 2010) , atomic emission spectrometry (Razic et al., 2003) , electrothermal atomic absorption spectrometry (Gomez et al., 2004) , X-ray emission (Mohanta et al., 2003) , X-ray fluorescence (Salvador et al., 2003) , inductively coupled plasma mass spectrometry (Falco et al., 2003) and neutron activation analysis (Yamashita et al., 2005) .
Digitalis purpurea and D. lanata (family Scrophulariaceae) are reported to contain various cardiac and steroidal glycosides localized in roots and leaves (Lungeanu et al., 1963) . Digitoxin is the main active constituent of these species (Hiermann et al., 1977) .
These species are used in the treatment of heart failure (Reddy, 2010) , and extracts are reported to perform cardiovascular (Navarro et al., 2000) , antitumour (Lopez-Lazaro et al., 2003) , antimicrobial (Benli et al., 2009) and antiinflammatory activities (Nikolov et al., 1962) . There are many reports on organic con- (Table 1) in microwave digestion system (Aurora MW 800). After completion of digestion all the samples were cooled for about 1hour.
Materials and methods

Plant Sample Collection and Processing
The digested samples were transferred to 100 ml acid washed volumetric flask and make up the volume using demineralized water (Millipore). Thereafter the samples were filtered and stored in polypropylene flasks prior to analysis. 
Preparation of Standard Solutions
Multi-element working standard solutions (50, 100, 150, 200 µg/l) were prepared by appropriate dilution of the stock ICP multi-element standard (Merck) 10000 μg/l. All analyses were performed on ICP-MS (Perkin Elmer NexION 300X) using both Standard and Kinetic Energy Discrimination (KED) modes.
The operating conditions for the ICP-MS are summarized in Table 2 . All standard solutions and digested samples of both Digitalis species were run one by one. The calibration curves were obtained using Nex-ION software. The data were arranged in tabular form using standard deviation. 
Results and discussion
The concentration of B, Cr, Mn, Co, Ni, Cu, As and Pb analyzed in different plant samples of two Digitalis species are presented in Table 3 . The concentration of essential minerals (B, Cr, Mn, Co, Ni and Cu) in the studied samples were found to be higher than the toxic ones (As and Pb). It was estimated that the con- perpurea than in D. lanata (Table 3) . Among plant parts it was estimated higher at post flowering stage for D. perpurea. Contrarily, for D. lanata the concentration was higher in pre flowering stage for both plant parts (Table 3) . Cobalt is an important component of vitamin B 12 which participates as a coenzyme in various enzymatic reactions (Berdanier, 1994) .
For Co there is no set limit for their concentration in medicinal plant. The nickel content was more or less similar among plant parts as well as among spe-
cies. The permissible limit for Ni is not established
by WHO, although, daily dietary intake for Ni is estimated to be 100 µg/day. Ni deficiency is rare in humans as Ni requirements are low and availability high from dietary sources. Nickel deficiency causes depressed growth, reproductive changes and altered lipid and glucose levels in the blood (Onianwa et al., 2000) . The copper content was minimal in roots particularly at post flowering stage in both the species.
Among species Cu content was higher in D. lanata than D. perpurea (Table 3) . Copper has been recognized as an essential element for living organism due to its presence in important proteins and enzymes (Onionwa et al., 2001) . Cu deficiency in humans caused bone demineralization, depressed growth, depigmentation, gastro-intestinal disturbances, dermatitis and neurological disorders, while, excessive intake has been reported to cause liver cirrhosis and toxicity (Reynold et al., 2008) . Thus Digitalis roots and leaves can be used to compensate Cu deficiency. perpurea than in D. lanata and was higher in roots than leaves (Table 3) 
Conclusion
The microwave digestion method has considerable advantages, which includes good precision and accuracy, reduced contamination, speed and safety. The uses of concentrated nitric acid and sulfuric acid (4:1) mixtures allowed the complete digestion of samples. Mean intake of B, Cr, Mn, Co, Ni, Cu, As and pb are falls within the recommended range. The results obtained showed significant differences among the elemental concentrations in both species of Digitalis. The mineral contents were well within the permissible range for human consumption, therefore, recommended for medicinal uses. It is also suggested that large scale cultivation of these species may be promoted in the state.
